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The hair follicles and the eyes of pallid mice (C57 / 6J-
Pa/ Pa) and those of black mice (C57 / 6J - + / Pa) were 
examined ultrastructurally, histochemically, and bio-
chemically to determine the cause of pigment dilution. 
The pigment cells in the hair follicles and the eyes of 
pallid mice have less mature melanosomes than those of 
black mice. In the hair follicles the pallid melanosomes 
were transferred into keratinocytes and became aggre-
gated. In the eyes they were already aggregated within 
the pigment cells and were digested in acid phosphatase-
positive lysosomes. The activity of acid phosphatase, a 
marker of lysosomal enzymes, was significantly higher 
in pallid hair follicles and eyes than in black hair follicles 
and eyes. 
Dopa reactions at light and electron microscopical 
levels indicated that the pigment cells in each tissue 
produced a large amount of Dopa oxidase when com-
pared with those in each black counterpart. However, 
the rate of hydroxylation ofL-tyrosine-3,5- 3H was sig-
nificantly lower in the pallid eyes than in black eyes, 
while this rate was significantly higher in pallid hair 
follicles than in black hair follicles. Immediate digestion 
of melanosomes within the pigment cells, i.e., autophag-
ocytosis, seemed to explain the low activity in the pallid 
eyes. 
The diluted coat and eye colors of pallid mice are, 
therefore, not related to low Dopa oxidase activity but 
to immaturity of melanosomes and high activities of 
lysosomal enzymes; these enzymes seem to digest many 
of these immature melanosomes and contribute to the 
diluted coat and eye colors of pallid mice. 
I 
Although skin, hair, and eye colors are determined by genetic 
factors, the mechanisms of phenotype expression have not been 
clarified. There are several possible mechanisms regulating 
those colors: (I) population and distribution of melanocytes, 
(II) number and structure of melanosomes, (III) activities of 
melanin synthesizing enzymes, (IV) action of hormonal factors 
or of melanotrophic nerves, and (V) interaction between mela-
nocytes and keratinocytes, i.e., melanosome transfer. 
This study added another possible mechanism by presenting 
evidence that the active digestion of melanosomes by lysosomes 
is rela ted to the pigment dilution of coat and eye colors in a 
mouse. For experimental models, pallid mice (C57/ 6J-Pa/Pa) , 
which have a peculiar diluted coat color and dark red eyes, 
were examined ultrastructurally., histochemically, and biochem-
ically. 
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MATERIALS AND METHODS 
Materials 
Mice originally derived from C57/ 6J-Pa/P a inbred s train maintained 
by the J ackson Laboratory (Bar Harbor , ME) were obtained from Dr. 
L. C. Erway at the University of Cincinnati . The pallid gene was 
maintained by backcrossing Pa/P a and + / P a genotypes in the animal 
facility at Wrigh t State University. In this study + / P a (black) litter -
mate mice were used as control. Since light may influence the level of 
lysosomal enzymes in eye tissues [1] all mice were maintained on a 12 
hr ligh t-12 hr dark cycle. 
Skin was taken from the backs of 7-day-old mice; hair was in anagen 
cycle. Skin of adult mice (120-days-old) was also taken without using 
any drugs. Anagen was induced in the skin of adult mice (120-days-old) 
by plucking hairs 2 weeks before biopsy. The skin was taken from the 
plucked area . All skin samples for electron microscopical studies were 
from adult mice. The eyes of 7-day-old* mice were also taken after 
termination in a chloroform saturated chamber. 
For the biochemical assays of tyrosinase and acid phosphatase 
activities, the anagen hair follicles and the eyes of 7 - and 8-day-old mice 
were used. 
Dissection, Fixation and Sectioning 
Some of the materials were immediately fixed in 3% glutaraldehyde 
in 0.1 M sodium cacodylate buffer (pH 7.4) for 4 hr. The former was 
used for ultrastructural demonstra tion of dopa or acid phosphatase 
reactions and the latter for fine ultrastructural observation. For the 
light microscopic studies materials were frozen without fixation and 
sectioned to about 3 pm thickness in a cryostat at 30°C. Corresponding 
materials from a pallid mouse and a black mouse were sectioned paraUel 
to each other and mounted on a glass slide side by s ide to assure the 
same thickness for quantitative analysis of histochemical reactions. 
Sections were dried a t room temperature, kept in a freezer overnight 
and stained for dopa or acid phosphatase reaction. 
Light Microscop ic Dopa R eaction Technique 
The sections were rinsed in 0.1 M phosphate buffer (pH 6.8 or 7.4)t 
and incubated in 0.2% D, L-dopa (D, L-dihydroxyphenylalanine) in the 
same buffer solution for 3.5 hr at 37°C. This solution was changed 
every hour during the incubation period to avoid auto-oxidation of 
dopa and, therefore , nonspecific staining of specimen. The contro l 
sections were incubated in dopa-free solu tion at the same time. After 
the incubation, sections were rinsed in the same buffer, dehydrated in 
alcohol and xylene and embedded in synthetic media. 
Light Microscopic Acid Phosphatase R eaction 
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a-Naphthyl phosphate-hexazonium pararosanil in technique [3] was 
used. Stock solut ions were prepared as follows: (a) pararosanilin solu-
tion (1 g pararosanilin hydrochloride, 20 ml distilled water , 5 ml 
concentrated HC!) , (b) 4% sodium nitri te in distilled water, and (c) 
substra te solution (100 mg sodium a-naphthyl phosphate, 25 ml Mi-
chaelis Veronal buffer stock solution) . T he mixture of 0.8 ml of (a), 0.8 
ml of (b) , 5 ml of (c) and some distilled water was prepared, adjusted 
to pH 6.0 with 1 N NaOH and diluted with distilled water to the final 
volume of 20 ml. 
The sections were inbuated in this mixture for 30 min at room 
temperature, stained with 1% methyl green in Veronal buffer (pH 4.0) , 
rinsed in distilled water, dehydrated in alcohol and xylene and em-
* Since mouse eyes were still developing at this age, melanosomes of 
early stages were studied in these specimens. 
t Since King, Olds, and Witkop [2] reported that the tyrosinase of 
hair bulbs had maximum activities at around pH 7.8, the dopa reactions 
were performed at both pH 6.8 and 7.4 . 
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bedded in synthetic media. The control sections were incubated in the 
same mixture to which 0.05 M sodium fluoride (a specific inhibitor of 
acid phosphatase (4» had been added or in the mixture in which the 
substrate (a-naphthyl phosphate) had been omitted. 
Positive reaction was indicated by red to reddish-brown precipitate 
which represents the azo-dye produced by coupling of hexazonium 
pru'arosanilin and a-naphthol. 
Electron Microscopic Dopa Reaction Technique 
The tissues fixed with 3% glutaraldehyde were rinsed and incubated 
as for light microscopy: 2.5 hr for skin and 4.5 hr for eye tissues. 
Electron Microscopic Acid Phosphatase Reaction Technique 
Two modified methods of Gomori's technique were employed. In the 
first method [5] the incubation medium contained 0.5 M acetate buffer 
(pH 5.0) with 7.5% sucrose, 0.0375% lead acetate and 0.075% sodium 
,B-glycerophosphate as substrate. In the second method [3] the incu-
bation medium contained 0.067 M tris-maleate buffer (pH 5.0) , 0.067% 
lead nitrate and 0.21% sodium ,a-glycerophosphate as subs t.rate. This 
medium was incubated at 40°C until turbidity occurred and flltered 
before use. 
In either technique, the tissue pieces fixed with 3% glutaraldehyde 
were rinsed in the individual buffer overnight and incubated in medium 
for 30 min at 37°8. The control pieces were incubated in the medium 
in which the substrate had been omitted, or incubated in the substrate 
medium to which 0.02 M sodium fluoride had been added. 
Procedures for Electron Microscopic Observation 
All materials for electron microscopal observation were postfixed in 
1 % osmium tetroxide in 0.1 M sodium cacodylate buffer (pH 7.4) for 1 
hr, block-stained in 1% uranyl acetate in 50% ethanol solution for 20 
min, dehyd.rated in graded concentrations of alcohol and propylene 
oxide, and embedded in Araldite. The ultrathin sections were cut with 
diamond knives in Ultracut Microtomes (American Optical) and ob-
served in Phillips-400 electron microscope. All sections were double-
stained with 15% uranyl acetate in 100% methanol and Reynolds' lead 
citrate [6]. 
Preparation of Hair Follicle Samples (or Biochemical Assays 
Entire back skins of 7-day-old and 8-day-old mice were placed 
dermis-side up under a stereomicroscope and the muscle layers under 
adipose tissue were removed. The hair bulbs with hair shafts were 
plucked from the adipose tissue side (hair root side) with sharp tweez-
ers.:J: The tissue surrounding hair bulbs was removed as much as 
possible on a fllter paper under a stereomicroscope. Hair follicles with 
hairs were homogenized in 0.1 M phosphate buffer with 0.5% Triton X-
100 (pH 6.8) at O°C for tyrosinase assay or in 0.1 M citric acid buffer 
with 0.1% Triton X-lOO (pH 4.8) at O°C for acid phosphatase assay. 
Keratinized portion of hair was allowed to precipitate from homoge-
nates kept in ice for 5 min while the hair bulbs and non keratinized 
proximal hairs were easily separated and used for assays. This separa-
t ion was confirmed by light microscopic observations. 
Preparation of Eye Samples for Biochemical Assays 
Eyes were enucleated and lenses were removed from littermate pairs 
of pallid (Pa/Pa) and black (+ /Pa) mice. The entire tissue of enucleated 
eyes were homogenized in the same ways as hair samples. Following 
homogenization, the sclera which remained intact were l'emoved and 
the remaining materials were rehomogenized. Protein was determined 
according to the method of Lowry et al [7]. 
Biochemical Assay for Tyrosinase Activity 
The tyrosine hydroxylase activity of the aliquots was determined by 
the method of Pomerantz [8], modified by King, Olds, and Witkop [2] 
and Dryja et al [9]. An aliquot of 20 ILl was added to 40 III of 0.1 M 
phosphate buffer (pH 6.8) with 11lCi L-tyrosine-3,5-"H dried before use 
and 2.5 MM L-Dopa in a tube. Tubes were incubated in a water bath 
at 37°C for 30 min with shaking every 5 min and then in ice to stop the 
reaction. 20 III of a reacted solution was washed with 1.6 ml of 0.1 M 
citric acid through a 3.0 cm Dowex 50 W (dry mesh 200-400, 12% cross-
:J: In order to obtain an accurate tyrosinase or acid phosphatase 
activity in hair follicles, the hair of mice older than lO-days could not 
be used, because hairs of these animals were not in the same stage of 
growth and, in pallid mice, the hair color of old mice had already 
changed from pallid to white in its proximal portion. 
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linked) column and the total wash was counted in 15 ml scintillation 
fluid (Aquasol, New England Nuclear). The average counts of blank 
reactions containing no added hair follicle or eye homogenate were 
subtracted from each assay value of samples. Results were expressed as 
counts per min (cpm) per mg protein ± SD. As another control, 1-
phenyl-2-thiourea (6.7 x 10-8 M) (a specific inhibitor for tyrosinase 
[9]) was added to a sample before incubation. All of the sanlples and 
controls were determined in duplicate. 
Bioc.hemical Assay for Acid Phospha.tase Activity 
The acid phosphatase activity of the aliquots was measured by the 
method of Cotman and Matthews [10], which employs hydrolysis rate 
of para-nitrophenylphosphate (PNPP) at 37°C for 30 min in 1 ml 
reaction volumes. The optical densities of identical sample boiled for 5 
min (enzyme blanks) were subtracted from sample and total moles of 
PNPP hydrolyzed were determined from standard para-nitrophenol 
standards (OD 400 nm). Results were expressed as nanomoles of PNPP 
hydrolyzed per min per mg protein ± SD. 
RESULTS 
Light Microscopical Studies 
Comparison of natural condition of melanin pigments in 
blacll and pallid mice: The untreated and unstained frozen 
skin (Fig I-A) and eye sections (Fig I-C) of a black mouse and 
a pallid mouse characteristically showed the distribution of 
melanin pigments in the both strains; quantitative differences 
between these strains of mice were obvious. In black mice, the 
melanin granules were abundantly detected in the matrix, the 
medulla and the cortex of their hair follicle and in the pigment 
layers of the eye. These tissues were grossly black and pigments 
were diffusely distributed in each tissue. In pallid mice, the 
distribution of melanin granules was the same as in black mice. 
However, melanin granules were small in number; their color 
was light brown. Occasionally, large homogeneous melanin 
granules were recognized in pallid anagen hair follicles. In both 
strains, the epidermis was free from melanin. 
Dopa reaction: The same results were obtained at both pH 
6.8 and 7.4. The Dopa-reacted sections showed diffuse, heavy 
depositions of black to brown substance in the follicular matrix 
(Fig I-B) and the pigmentlayers of eyes (Fig I-D) of both black 
and pallid mice. Since the unstained follicular matrix (Fig I-A) 
and ocular pigment layers (Fig I-C) of pallid mice were light-
colored, the Dopa-reacted tissues of pallid mice made a re-
markable contrast. All control sections incubated in Dopa-free 
solutions showed no reaction. 
Acid phosphatase reaction: The distribution of the reaction 
was similar in both strains. In hair follicles, heavy red precipi-
tate was observed in the cortex at the keratogenous zone, 
reaction was moderate in the matrix region, the hair (dermal) 
papilla and the connective tissue sheath, weak in the outer and 
inner root sheaths; and absent in completely keratinized hair 
(Fig 2-A, 2-B). In the eye it was strongly positive in the pigment 
layers (Fig 2-E, 2-F). The reaction in these tissues was specifi-
cally inhibited with sodium fluoride (Fig 2-C, 2-G, 2-H). 
The presence of black melanin in black tissues made ' it 
difficult to judge accurately the intensity of the reaction rep-
resented by the reddish-brown color of the precipitate. How-
ever, an impression was gained that the reaction was equal, or 
slightly stronger in the matrix and the cortex of pallid hair 
follicles (Fig 2-B) and . the ocular pigment layers of pallid eyes 
(Fig 2-F) than in black counterparts (Fig 2-A, 2-E). 
Substrate-free sections showed only pale yellow background 
staining. 
Electron Microscopic Studies 
The black hair follicle: The follicular melanocytes in black 
mice produced mature melanosomes which were ellipsoidal, 
fully melanized and about l.0 11m long in long axis. In the 
cytoplasm well-developed Golgi complexes with many associ-
ated vesicles and melanosomes of all stages were observed (Fig 
3-A). Early stage melanosomes had typical inner lamellar struc-
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FIG 1. A, Untreated and unstained frozeri skin sections: Notice that the hair follicles of the black mouse (BI 1 ru·e much darker than the pallid 
counterparts (Pal. B, Light microscopical Dopa reaction of frozen skin sections. Note a remarkable increase of density due to deposition of 
reaction product in the hair follicles of a pallid mouse (Pal . C, Untreated and unstained frozen eye sections. Note that pallid eye pigment layers 
(Pa, asterislzl are not pigmented, while black eye pigment layers (Bl , asterislzl are heavily pigmented. D, Light microscopical dopa reaction of 
frozen eye sections. Note a remarkable increase of density due to depositions of reaction product in the pigment layers (asterish) of pallid eye 
(Pa). 7-day-old mice. (A, B, X 34: C, D, X 136). 
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FIG 2. Light microscopical acid phosphatase reaction of frozen 
sections. A, Hair follicles of a black mouse. B , Hair follicles of a pallid 
mouse. E, Eye of a black mouse. F, Eye of a pallid mouse. Note the 
dark dense depositions of reaction products in the matrix, cortex and 
medulla of hair follicles and in the pigment layers (asterish) of eyes. 
tuxes. Melanin deposition usually occurred evenly on those 
structures. 
Fully-melanized melanosomes were transferred into the ker-
atinocytes in the matrix region. The majority of the transferred 
melanosomes existed singly (Fig 3-B) . They were well-pre-
served morphologically even at the level of the keratogenous 
zone (Fig 3-C). 
The pallid hair follicle: The pallid han: follicles contained as 
many melanocytes as black ones. The pallid follicular melano-
cytes also possessed well-developed Golgi complexes with as-
sociated vesicles. They produced many melanosomes which 
were spherical and smaller than 0.4 !J.m in diam eter . Although 
some of them were fully melanized, many of them were abnor-
mal with irregular, uneven and varied melanin deposition. Often 
no melanin deposition was seen in the center of melanosomes. 
There appeared to be 2 types of early stage melanosomes. 
One had small vesicles with or without small amounts of 
irregular melanin deposition, while other structure had poorly 
arranged and poorly developed inner lamellar structUl'es on 
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The reaction in pallid tissues (Pa) seems to be stronger than that in 
black counterparts (B1). C, D , G, H: The reaction in both black (B1) 
and pallid tissues (Pa) is' specifically inhibited with sodium fluoride. 7-
day-old mice. (A , B, C, D, x 128; E, F, G, H, x 90). 
which uneven melamin deposition was seen. Some melano-
somes having the former structure seemed to become more 
melanized without forming inner lam ellae (Fig 3-D) . The ag-
gregates of 2 or 3 melanosomes were rarely recognized in pallid 
melanocytes. 
The keratinocytes in the pallid hair matrix possessed mem-
brane-limited aggregates (melanosome complexes) containing 
variously melanized organelles (Fig 3-E). In the keratogenous 
zone of the pallid hair, these melanosomal components became 
well-degraded (Figs 3-F, 3-G, 3-H). Occasionally, lamellar struc-
tures of immatw'e melanosomes were seen even in the keratin-
ocytes (Fig 3-F, 3-H). 
Macromelanosome: On a few occasions, some melanocytes 
with huge round or oval macromelanosomes (2.0-5.0 !J.m in 
diameter) were found in the pallid hair follicles (Fig 4). These 
macromelanosomes appeared to increase their size by matura-
tion; they never fused each other during their developmental 
process. They consisted of diffuse dense deposition of melanin 
substance inside a unit membrane and had no inner lamellar 
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FIG 3. 
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FIG 4. Electron micrograph of macromelanosomes in pallid anagen 
hair follicles. Lead citrate-uranyl acetate staining. Melanocyte 1 is 
producing macromelanosomes (Mm), while melanocytes 2, 3, and 4 are 
producing regular melanosomes (m) of pallid type (cf. Fig 3). D, hair 
papilla; Qu, outer root sheath; H, inner root sheath; arrowheads, 
dendrite of a melanocyte containing macromelanosomes. 120-day-old 
mice. (reduced from x 4,125). 
structure. Morphologically, they were clearly different from the 
roelanosome complex in the keratinocytes, which consisted of 
an aggregation of individual melanosomes. 
The black eye: The pigment cells in the retinal pigment 
epithelium (RPE) and the choroid of black eyes (Fig 5-A) 
possessed fully-melanized melanosomes similar to those in 
black hair follicles, although the melanosomes were larger in 
size (about 1.5 /lm in long axis) in the RPE than in the choroid 
(1.0!lm in long axis). The early stage melanosomes with typical 
inner lamellar structures were also recognized in these pigment 
cells of black eyes. 
The pallid eye: Relatively smaller number of melanosomal 
structures were seen in the pigment layers of pallid eyes of 7-
day-old mice (Fig 5-B) than in black counterparts (Fig 5-A). 
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There was no difference in the distribution, number and size of 
the pigment cells of eyes between both strains. Most melano-
somes in the RPE cells showwed ellipsoid or spindle shapes and 
had typical inner lamellar structures similar to those in the 
RPE of black eyes. These melanosomes became partially but 
not fully melanized (Fig 5-C). A small number of spherical 
menanosomes, which had small vesicles and some melanin 
depositions inside but no inner lamellae were present. 
The choroid melanocyte of pallid eyes were produced spher-
ical melanosomes (Fig 5-D, 5-E), which were morphologically 
very simila.r to those in the melanocytes of pallid hair follicles. 
No macromelanosomes were found in the pigment cells of 7-
day-old pallid eyes. 
Dopa reaction: Electron microscopical Dopa reaction at both 
pH 6.B and 7.4 showed the presence of a dopa-oxidative enzyme 
in the cytoplasmic vesicles and saccules near Golgi complexes 
and nea.r the melanosomes in the pigment cells of hair follicles 
and ocular pigment layers of the black and the pallid mice. The 
dopa reaction of the pigment layers of pallid pigmented tissues 
was stronger than that of the black counterparts. The dopa 
reaction in the RPEs of both strains is shown in Fig 6. The 
controls had no positive reaction. 
Acid phosphatase reaction: Both techniques showed the 
same result. Electron microscopic acid phosphatase reaction 
was positive with dense lead depositions on those melanosomal 
aggregates in the pallid hair keratinocytes (Fig 7-A, 7-B, 7-C), 
suggesting that lysosomal enzymes digest melanosome com-
plexes. The vesicles and saccules near some Golgi complexes in 
these keratinocytes also displayed acid phosphatase reactions; 
however, no positive reactions were found in hair melanocytes. 
In the pigment cells of pallid eyes the structures containing 
melanosomal components and some immature melanosomes 
showed acid phosphatase reactions (Fig B-A, B-C), suggesting 
that immature melanosomes were autodigested by lysosomal 
enzyemes in these pigment cells of eyes. Also the aggregations 
of melanosomes in these cells displayed acid phosphatase re-
actions (Fig B-B, B-D). 
In the keratinocytes of black hair follicles and the pigment 
cells of balck eyes acid phosphatase reactions ere also seen in 
vesicles and saccules of Golgi region. Howelver, black melano-
somes were not digested as readily as pallid melanosomes 
because of their size (Fig 3-C, and 5-A). 
Macromelanosomes showed no acid phosphatase reaction. 
The control tissues, either inhibited with sodium fluoride or 
substrate-omitted, showed no dense homogeneous lead deposi-
tion, except some sparse and finely dotted lead contaminations 
on melanosomes. 
Biochemical Studies 
Assays for tyrosinase and acid phosphatase activities: It is 
shown in the Table that both tyrosinase and acid phosphatase 
activities were significantly higher in pallid hair follicles than 
in black hair follicles. However, the tyrosinase activity was 
significantly lower in pallid eye homogenates than in black 
ones, although pallid eye homogeaates showed a higher acid 
phosphatase activity when compared with black ones (Table). 
In the tyrosinase assay I-phenyl-2-thiourea produced almost 
100% inhibition of the measured tyrosinase activity. This sug-
gested that the activity measured in this assay was the result of 
tyrosinase, and not of tyrosine hydroxylase [9]. 
FIG 3. Electron micrographs of anagen hair follicles. Lead citrate-uranyl acetate staining. A, Melanocyte of black hair follicle. Note the typical 
lamellae in black early melanosomes (me) . B , Keratinocyte near matrix of black hair follicle contains transferred, fully-melanized single 
melanosomes (m). C, Cortex and medulla in keratogenous zone of black hair follicle contain well-preserved melanosomes (In). D, Melanocyte of 
pallid hair follicle. Note the poorly-developed lamellae and uneven melanin deposition in melanosomes (In). E, Keratinocyte near matrix of pallid 
hair follicle. Note the melanosome complex (m) containing variously melanized melanosomes. F, G: Cortex and H: Medulla in keratogenous zone 
of pallid hair follicle. Note the degraded melanosome complexes (m). g, Golgi complex; N, nucleus; d, desmosome; t, tonofilament; c, cuticle of 
hair; i, cuticle of inner root sheath; arrow, inner lamellar structure of melanosome; asterish, mitochondrion; star, medullary granule. 120-day-old 
mice. (x 33,000). 
420 ITO, HASHIMOTO, AND ORGANISCIAK Vol. 78, No.5 
FIG 5. 
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F IG 6. Electron micrographs of dopa reaction. in the retinal pigment epithelium. Lead citrate-uranyl acetate taining. A, black eye. The dopa-
positive vesicles (arrowhead) are seen in the cytoplasm and around eumelanosomes (m.). B , pallid eye. Note the presence of many dopa reactive 
vesicles and saccules (arrowhead) in the cytoplasm. g, Golgi complex; m, melanosome; asterisll, mitochondrion; c, collagen fiber. (x 45,320). 
DISCUSSION 
Although some morphological investigations [11-13] of the 
melanocytes of pallid mice had been done, these studies were 
not detailed enough to elucidate the mechanism of coat and eye 
color dilution. The first possibility suggested in this study is 
that one type of pallid melanosome in which inner lamellar 
structUTes are poorly developed is pheomelanosome [14-16]. 
The second possibility raised in this study is the incompleteness 
of melanization in the pigment t issues of pallid hair and eye; 
this is probably due to irnmatUTity or abnormality of lamellar 
substrate structure on which tyrosinase synthesizes melanin or 
to lack of essential substances for melanization. The fact that 
the transport of manganese, L-Dopa and L-tryptophan is slow 
through the tissues of pallid mice [1 7] might support the latter 
possibility. However, manganese supplementation to embryos 
through their mother did not change the color of coat and eye 
[18 ]. Immature melanosomes seems to be readily digested in 
very active Iysosomes in the keratinocytes of pallid hair cor tex . 
and medulla and in the pigment cells of pallid eyes as demon-
strated in this study. 
S ince the tyrosinase activity of pallid melanocytes in hair 
foll icles is histochemically and biochemically greater than that 
of melanocytes in the black counterparts, the incomplete 
melanization of pallid melanosomes is due neither to low tyro-
sinase activity nor to tyrosinase-inhibitors. The ligh t coat color 
should, therefore, be explained by the increased autophagic 
digestion of immatUTe melanosomes within the melanocytes. A 
higher activity of acid phosphatase, a lysosomal marker, in 
pallid hair bulb than in black counterpart is compatible with 
t his assumption. In the eye tissues the activity of tyrosinase 
was lower in pallid mice than in black mice, although by 
electron microscopic dopa reaction the activity of tyrosinase in 
pallid eyes was estimated either equal or even higher than that 
in black eyes because of the presence of many dopa-positive 
vesicles and saccules in Golgi region. This discrepancy between 
biochemical and ultrastructUTal histochemical findings could be 
explained as follows: A strong activity of automelanophagocy-
tosis in pallid melanocytes as reported in this study inactivates 
tyrosinase activity as soon as it is incorporated into the pallid 
menalosomes. In black eye tissues, on the other hand, tyrosinase 
activity persists in matw-e melanosomes, thus giving a higher 
total value to biochemical assays using homogenate, which 
includes these matUTe melanosomes. 
The digestion of melanosomes in keratinocytes is a common 
featw-e in normal diluted-colored skins [19-25], pheomelanin 
producing tissues [14] and abnormal hypopigmented tissues 
[26]. Acid phosphatase activity is present in the aggregates of 
melanosomes in these conditions [20,22]. It was suggested that 
the digestion of melanosomes results in pigment dilution of skin 
t issues [19]. 
In the pigment cells of eyes, especially the RPE cells, the 
F IG 5. E lectron micrographs of eyes. Lead citrate-uranyl acetate staining. A, Eye of a black mouse. B, Eye of a pallid mouse. In the retinal 
pigment epithelium (R) and the choroid (e), pigment cells of a black eye possess fu lly melanized matme eumelanosomes (111), whereas, those of 
a pallid eye possess immatme melanosomes (m). C, The retinal pigment epithelium of pallid eye. Note that melanosomes (m), with well-arranged 
typical inner lamellar structUl'es (thin arrow) and some melanin deposit ions, are never fully melanized. Some melanosomes (empt.y a./Tow) are 
melanized with small vesicles and no inner lamellar structures. Insert: Aggregation of melano omes within a unit membrane. Acidphosp.hata~e 
is positive in these aggregations (Fig 8-B). D, E, F: The choroid of a pallid eye. Note the similarity of melanosomes (m) to those In pallid hau' 
melanocytes (Fig 3-D) . However, these melanosomes in pallid ocular pigment cells sometimes become aggregated (thich arrow). r, red blood cell; 
c, collagen fiber; N, nucleus; asterisll, mitochondrion; CE, centriole; thin arrow, inner lamellar structm e. A , B, X 9, 580; C, D, E, F, x 45,320). 
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FIG 7. Electron micrographs of acid phosphatase reaction in keratinocytes of pallid anagen hai.r follicles and eye pigment cells. Lead citrate-
uranyl acetate staining. A, keratinocytes near hair matrix. Note the dense lead depositions in vesicles (arrowhead) and in a melanosome complex 
(m). This melanosome complex (m) is magnified in the insert. Note that the dense lead depositions are present in each melanosomal component . 
E, Cortex cell. Note the dense lead depositions in a melanosome complex (m) with inner lamellar structures (arrow) of melanosomes. C, medulla 
cell. Note the dense lead depositions in single melanosomes (m). dt, desmosome with tonofilament; d, desmosome; t, tonofIlaments; N, nucleus; 
asterish, mitochondrion; star, medullary granu le. 120-day-old mice. (A , x 30,900; insert of A, E, x 90,640; C, x 68,000) . 
melanosomes are known to be digested by lysosomal enzymes 
in such tissue as the tapetum lucidum of bovine embryo eyes 
[27]. A premature degradation of the melanosomes by a similar 
mechanism are also known in monkey fetus eyes [28]. The giant 
melanin granules in the eyes of beige mouse were reported to 
be secondary lysosomes [33,34], although their melanosomal 
components [29-32] were morphologically different from those 
of pallid mice. This study showed that the 'pallid immature 
melanosomes of ocular pigment cells were already digested by 
very active lysosomal enzymes at an early developmental stage 
(7-day-old), producing a diluted eye color. High activities of 
lysosomal enzymes were reported in the kidney tissue of pallid 
mice [33]. 
The macromelanosomes were found in pallid hair follicles in 
this study. These macromelanosomes are similar to those of 
nevus spilus [20,34], pigmented lesion of Leopard syndrome 
[35], multiple lentigines syndrome [36], lentigo simplex [37] and 
cafe-au-lait spots of neurofibromatosis [38]. These ma<;:l"omela-
nosomes, including pallid macromelanosomes, gradually in-
crease their size and have no inner lamellar structure. Some 
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FIG 8. Electron micrographs of acid phosphatase reaction in pallid eye pigment cells. Lead citrate-w'anyl acetate staining. A, B , retinal 
pigment epithelial cells. C, D, choroid cells. Note the dense lead deposit in the melanosomal structmes (m) with inner lamellar structmes (thin 
arrow) and in the aggregates ofmelanosomes (thich arrow). Asterish, mitochondrion. 7-day-old mice. (x 68,000). 
Tyrosinase and acid phosphatase actiuities of anagen hair follicles and eyes of black and pallid mice" 
Black hair 
follicl e (+/ Pu) 
Pallid hair 
follicle (Pa/ Pa) 
Black eye 
(+ / Pa) 
Pallid eye 
(Pa/ Pa) 
Tyrosinase activityb 
(cpm/ mg protein) 
154,954 ± 16,997" 
(n = 6) 
237,002 ± 37,422" 
(n = 6) 
623,240 ± 34,075f 
(n = 4) 
137,714 ± 18,479' 
(n = 4) 
Acid phosphatase activity" 
(n moles/min/mg protein) 
" Mice age, 7- and 8-day-old. 
b L-tyrosine-3,5-3H hydroxylation rate. 
34.9 ± 5.9" 
(n = 9) 
C Para-nitI'ophenylphosphate hydrolysis rate. 
42.8 ± 6.3" 
(n = 9) 
16.41 ± 0.35R 
(n" = 5) 
18.62 ± 1.02" 
(n" = 5) 
d , ".f.p Significant difference between 2 values in each assay by paired t-test: dp < 0.001; ,. P < 0.025; f P < 0.001; "p < 0.005. 
n, number of mice. 
n", number of eyes. 
investigators [37] concluded that they were formed by complete 
degradation by autophagy of melanosomes within melanocytes. 
We wish to thank Dr. P. Favreau and Mrs. H . M. Wang for the 
expert biochemical technical help. 
REFERENCES 
1. Hayasaka S, Lai YL: Effect of continuous low-intensity light on the 
lysosomal enzymes in the retina of albino rats. Exp Eye Res 
29: 123-129, 1979 
2 . King RA, Olds DP, Witkop CJ: Characterization of human hair 
bulb tyrosinase: Properties of normal and albino enzyme. J Invest 
Dermatol 71 :136-139, 1978 
3 . Barka T, Anderson PJ: Histochemical methods for acid phospha-
tase using hexazonium pararosanilin as coupler. J H istochem 
Cytochem 10:741-753, 1962 
4. Pearse AGE: Histochemistry-Theoretical and Applied, vol 1. Bal-
timore, Williams and Wilkins, 1968, pp 547-575 
5. Pearse AGE: Histochemistry-Theoretical and Applied, vol 2. Bal-
timOl'e, Williams and Wilkins, 1972, pp 1444 
6. Reynolds ES: The use of lead citrate at high pH as an electro no-
paque stain in electron microscopy. J Cell Bioi 17:208-21.2, 1963 
7. Lowry OH, Rosebrough NJ, Fan AL, Randall RJ: Protem mea-
surement with the folin phenol reagent. J Bioi Chern 193:265-
275, 1951 . 
8. Pomerantz SH: The tyrosine hydroxylase activity of mammahan 
tyrosinase. J BioI Chern 241:161-168, 1966 . 
9. Dryja TP, Dryja MO, Pawelek JM, Albert DM: Dem~mstratlOn of 
tyrosinase in the adult bovine uveal tract and retmal pIgment 
epithelium. Invest Ophthalmol Visual Sci 17:511-514, 1978 
10. Cotman CW, Matthews DA: Synaptic plasma membranes fl:omrat 
brain synaptosomes: Isolation and pru·tial chru·actenzatlOn. 
Biochim Biophys Acta 249:380-394, 1971 
424 ITO, HASHIMOTO, AND ORGANISCIAK 
11. Lim DJ, Erway LC: Influence of manganese on genetically defective 
otolith . Ann Otol 83:565-581, 1974 
12. Theriault LL, Hurley LS: Ultrastructure of developing melano-
somes in C57 black and pallid mice. Dev Bioi 23:261-275, 1970 
13. Hearing VJ, Phillips P, Lutzner MA: The fine structure of mela-
nogenesis in coat color mutants of the mouse. J Ultrastruct Res 
43:88-106, 1973 
14. Brumbaugh JA, Zieg RH: The ultrastructural effects of the Dopa 
reaction upon developing retinal and epidermal melanocytes in 
the fowl, Pigmentation: Its Genesis and Biologic Control. Edited 
by V Riley. New York, Appleton-Century-Crofts, 1972, pp 107-
123 
15. Stanka P: Ultrastructural study of pigment ceLIs of human red hail·. 
Cell Tiss Res 150:167-178, 1974 
16. Brumbaugh JA: Ultrastructural differences between forming eu-
melanin and pheomelanin as revealed by pink-eye mutation in 
the fowl. Dev Bioi 18:375-390, 1968 
17. Cotzias GC, Tang LC, Miller ST, Sladic-Simic D, Hurley LS: A 
mutation influencing the transportation of manganese, L-Dopa, 
and L-tryptophan. Science 176:410-412, 1972 
18. Erway LC, Fraser AS, Hurley LS: Prevention of congenital otolith 
defect in pallid mutant mice by manganese supplementation. 
Genetics 67:97-108, 1971 
19. Jimbow K, Quevedo WC, Fitzpatrick TB, Szabo G: Some aspects 
of melanin tJiology: 1950-1975. J Invest Dermatol 67:72-89, 1976 
20. Konrad K, Wolff K, Honigsmann H: The giant melanosome: A 
model of deranged melanosome-morphogenesis. J Ultrastruct 
Res 48:102-123, 1974 
21. Toda K, Pathak MA, Parrish JA, Fitzpatrick TB: Alteration of 
racial differences in melanosome distribution in human epidermis 
after exposure to ultraviolet light. Nature New Bioi 236:143-145, 
1972 
22. Hori Y, Toda K, Pathak MA, Clark WH, Fitzpatrick TB: A fine-
structure study of the human epidermal melanosome complex 
and its acid phosphatase activity. J Ultrastruct Res 25:109-120, 
1968 
23. Szabo G, Gerald AB, Pathak MA, Fitzpatrick TB: Racial differences 
in the fate ofmelanosomes in human epidermis. Nature 222:1081-
1082, 1969 
24 . Szabo G, Gerald AB, Pathak MA, Fitzpatrick TB: The ultrastruc-
tu.re of racial color differences in man, Pigmentation: Its Genesis 
and Biologic Control. Edited by V Riley. New York, Appleton-
Century-Crofts, 1972, pp 23-41 
25. Everett MA, Nordquist R, Wasik R: Melanosome size and distri -
Vol. 78, No.5 
bution in American Indians, Pigment Cell, vol 4. Edited by SN 
Klaus. Basel, Karger, 1979, pp 291-298 . 
26. Jimbow K, Fitzpatrick TB, Szabo G, Hori Y: Congenital cil·cum_ 
scribed hypomelanosis: A characterization based on electron 
microscopic study of tuberous sclerosis, nevus depigmentosus 
and piebaldism. J Invest Dermatol 64:50-62, 1975 ' 
27. Feeney-Bums L, Mixon RN: Development of amelanotic retinal 
pigment epithelium in eyes with a tapetum lucidum: Melanosome 
autophagy and termination of melanogenesis. Dev BioI 72:73-88 
1979 ' 
28. Feeney-Bums L, Mixon RN: Quoted from Feeney-Burns L: The 
pigments of the retinal pigment epithelium, Current Topics in 
Eye Research. Edited by JA Zadunaisky, H Davson. New York 
Academic Press, 1980, pp 119-178 ' 
29. Leuenberger PM, Novikoff AB: Studies on rnicroperoxisomes. VII. 
Pigment epithelial cells and other cell types in the retina of 
rodents. J Cell Bioi 65:324-334, 1.975 
30. Robison WG, Kuwabam T, Cogan DG: Lysosomes and melanin 
granules of the retinal pigment epithelium in a mouse model of 
the Chediak-Higashi SyndJ·ome. Invest Ophthalmol 14:312-317 
1975 ' 
31. Hearing VJ, Phillips P, Lutzner MA: The fme structure of mela-
nogenesis in coat mutants of the mouse. J Ultrastruct Res 43:88-
106, 1973 
32. Lutzner MA, Lowrie CT: UltrastJ"Ucture of the development of the 
normal black and giant beige melanin granules in the mouse 
Pigmentation: Its Genesis and Biologic Control. Ed ited by V 
Riley. New York, Appleton-Century-Crofts, 1972, pp 89-105 
33. Novak EK, Swank RT: Lysosomal dysfunctions associated with 
mutations at mouse pigment genes. Genetics 92:189-204, 1979 
34. Konrad K, Honigsmann H, Wolff K: Naevus spilus-ein Pigment-
neavus mit Riesenmelanosomen-Klinik, Histologie und Ultra-
struktur. HautarLt 25:585-593, 1.974 
35. Bhawan J, Purtilo DT, Riordan JA, Saxena VK, Edelstein L: Giant 
and "granular melanosomes" in Leopard syndJ·ome: An ultra-
structural study. J Cutan Pathol 3:207-216, 1976 
36. Weiss LW, Zelickson AS: Giant melanosomes in mu ltiple lentigines 
syndrome. Arch Dermatol 113:491-494, 1977 
37. Hirone '1', Eryu Y: UltrastructuTe of giant pigment granules in 
lentigo simplex. Acta Derm Venereol (Stockh) 58:223-229, 1978 
38. Jimbow K, Szabo G, Fitzpatrick TB: Ultrastructure of giant pig-
ment granules (macromelanosomes) in the cutaneous pigmented 
macules of neurofibromatosis. J Invest Dermatol 61:300-309 
1973 ' 
Announcement 
Veterinary Dermatology, a symposium to be held at Stanford University School of Medicine, Depart-
ment of Dermatology, August 25-27, 1982. The comparative dermatology aspect will be of interest to 
dermatologists as well as to veterinarians. Topics will include human and veterinary dermatology-past, 
present and futm-e; fungi that attack man and animals; occupational dermatoses in veterina.rians; 
antibiotics-use and abuse; steroids-practical considerations. In addition, the newest deficiency diseases 
and research in veterinary allergy will be discussed. For fm-ther information, please contact: Paul H. 
Jacobs, M.D., Department of Dermatology, Stanford University School of Medicine, Stanford, CA 94305; 
(415) 497-6101. 
